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ABSTRACT
The role played by the large-scale structures in the galaxy evolution is not quite well understood yet. In this study, we investigate
properties of galaxy in the range 0.1 < z < 0.3 from a value-added version of the WISExSCOS catalogue around cosmic filaments
detected with DisPerSE. We have fitted a profile of galaxy over-density around cosmic filaments and found a typical radius of rm =
7.5 ± 0.2 Mpc. We have measured an excess of passive galaxies near the filament’s spine, higher than the excess of transitioning and
active galaxies. We have also detected SFR and M? gradients pointing towards the filament’s spine. We have investigated this result
and found an M? gradient for each type of galaxies: active, transitioning, and passive, and a positive SFR gradient for passive galaxies.
We also link the galaxy properties and the gas content in the Cosmic Web. To do so, we have investigated the quiescent fraction fQ
profile of galaxies around the cosmic filaments. Based on recent studies about the effect of the gas and of the Cosmic Web on galaxy
properties, we have modelled fQ with a β model of gas pressure. The slope obtained here, β = 0.54 ± 0.18, is compatible with the
scenario of projected isothermal gas in hydrostatic equilibrium (β = 2/3), and with the profiles of gas fitted in SZ.
Key words. methods: data analysis, galaxies: statistics, cosmology: observations, (cosmology:) large scale structure of Universe
1. Introduction
The matter distribution in the Universe is very non-linear and
very complex, structured into a cosmic web composed of voids,
walls, filaments, and nodes (e.g., Zel’Dovich 1970; Bond et al.
1996; Libeskind et al. 2018). Understanding the evolution and
the physical properties of the matter around the largest scale
structures remains one of the main challenge in observational
and theoretical cosmology.
Nowadays, numerical simulations such as Millenium
(Springel 2005), Illustris-TNG (Springel et al. 2018), Horizon-
AGN (Dubois et al. 2014), or Magneticum (Hirschmann et al.
2014) allow us to trace and characterise all the matter (dark
matter, hot gas, cold gas, galaxies) of the large-scale Universe.
Among the different structures of the cosmic web, the objects
that are the easiest to detect and characterise are the ones with
the highest densities, i.e., the nodes, where the galaxy clusters
lay. The average properties of these objects are known (e.g.,
Kravtsov & Borgani 2012; Bykov et al. 2015; Walker et al.
2019), thanks to numerical simulations, but also to actual ob-
servations of galaxies in optical and near-infrared, of hot gas via
the Sunyaev-Zel’dovich effect (SZ, Sunyaev & Zeldovich 1970,
1972) and in the X-rays, and of dark matter via gravitational
lensing. As a matter of fact, around these structures, dark matter
and hot gas universal density profiles have already been derived
(e.g., Nagai et al. 2007; Arnaud et al. 2010; Planck Collaboration
et al. 2013; Bartalucci et al. 2017; Ghirardini et al. 2019), and a
global picture of the distribution and of the properties (such as
the star formation rate and the stellar mass) of galaxies that fall
into their gravitational potential has already been drawn (e.g.,
Mahajan & Raychaudhury 2009; Mahajan et al. 2011; Baxter
et al. 2017; Chang et al. 2018; Adhikari et al. 2019; Pintos-
Castro et al. 2019).
While galaxy clusters are relatively easy to detect, study,
and characterise, other Cosmic Web structures, like cosmic fila-
ments, are not easily defined because of their low densities. No
global picture such as the one drawn for the galaxy clusters has
been derived yet, and even the definition of cosmic filaments is
still arguable since it depends on the way they are detected. Sev-
eral methods have been proposed to detect the cosmic filaments,
for example Bisous (Tempel et al. 2016), DisPerSE (Sousbie
2011), NEXUS+ (Cautun et al. 2013), or very recently T-ReX
(Bonnaire et al., in prep.). Each of them has advantages and dis-
advandages, making comparison between them really difficult
(see Libeskind et al. (2018) for a review or Bonnaire et al., in
prep.). Despite this, recent studies have used those methods to in-
vestigate the physical properties of the matter (Dark Matter, gas,
or galaxies) in filaments in numerical simulations (e.g., Colberg
et al. 2005; Dolag et al. 2006; Aragón-Calvo et al. 2010; Cau-
tun et al. 2014; Gheller et al. 2015, 2016; Martizzi et al. 2019;
Gheller & Vazza 2019, Galárraga et al., in prep.). Indeed, study-
ing the gas is only possible in numerical simulations. The hot gas
around cosmic filaments is very hard to detect either in SZ or in
X-rays because of its low density and low temperature. It is only
accessible in a few exceptional objects such as the galaxy cluster
pair A399-A401 (e.g., Fujita et al. 1996; Sakelliou & Ponman
2004; Fujita et al. 2008; Akamatsu et al. 2017; Bonjean et al.
2018). Alternatively, some studies have used the stacking around
the highest density regions in between galaxy cluster pairs (Tan-
imura et al. 2019c; de Graaff et al. 2019) or inside super-clusters
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(Tanimura et al. 2019b) to detect the densest parts of the gas in
the filaments around clusters. A first statistical study of the hot
gas using the SZ effect around cosmic filaments is performed in
Tanimura et al. (2019a).
Galaxies around cosmic filaments, easier to detect, have
started to be extensively studied recently in different surveys:
in SDSS in 3D (e.g., Martínez et al. 2016; Chen et al. 2017; Ku-
utma et al. 2017, at z = 0.1, and z < 0.7), in GAMA in 3D (e.g.,
Alpaslan et al. 2015, 2016; Kraljic et al. 2018, at z < 0.2 and
0.03 < z < 0.25), in CFHTLS1 in 2D (e.g., Sarron et al. 2019, at
0.15 < z < 0.7), in VIPERS in 3D (e.g., Malavasi et al. 2017, at
0.5 < z < 0.85), and in COSMOS in 2D (e.g., Laigle et al. 2018,
at 0.5 < z < 0.9). These studies show evidence of galaxy pop-
ulation segregation inside filaments, hints of pre-processing and
quenching processes of galaxies while entering the large scale
structures, and of a positive stellar mass gradient pointing to-
wards the filament’s spines. Although these trends are detected
in different studies, the mechanisms responsible for these pro-
cesses are not understood yet, and the role of the environment in
evolution of galaxies is still not clear.
In this study, we present a statistical study of galaxy proper-
ties from the value-added catalogue based on the WISExSCOS
catalogue, around cosmic filaments at low redshift (in the range
0.1 < z < 0.3) extracted with DisPerSE in a spectroscopic sam-
ple of galaxies from the SDSS. We show the statistical distri-
butions of all galaxies, and of passive, transitioning, and active
galaxies around the cosmic filaments, together with their stellar
mass and SFR profiles. We also investigate the role of the Cos-
mic Web and of the hot gas on the galaxy quenching around the
cosmic filaments, by linking the quiescent fraction profile to a
profile of hot gas. In Sect. 2, we present the data we used for
the study, i.e., the galaxy density maps based on the WISExS-
COS catalogue, the galaxy cluster catalogues used to mask the
maps from their emissions, and the catalogue of filaments ex-
tracted with DisPerSE from the SDSS galaxies. In Sect. 3, we ex-
plain the methodologies used to extract the galaxy over-density
profiles around the filaments. In Sect. 4, we show the different
results obtained in matter of galaxy over-density profiles and
galaxy properties around filaments, split over three bins of fila-
ment lengths. In Sect. 5, we present a tentative to link the profiles
of quenched galaxies and the profiles of gas content inside fila-
ments. We summarise the results in Sect. 6. We assume through-
out this paper the Planck 2015 cosmology (Planck Collaboration
et al. 2016b), with H0 = 67.74 km/Mpc/s, ΩM0 = 0.3075, and
Ωb0 = 0.0486.
2. Data
In this section, we present the data we used to perform the anal-
ysis. We first present the WISExSCOS photometric redshift cat-
alogue of galaxies, and then the catalogue of cosmic filaments
we based our study on. Finally, we present the combination
of galaxy cluster catalogues used to remove the cluster galaxy
members.
2.1. WISExSCOS value-added catalogue and maps
2.1.1. WISExSCOS value-added catalogue
We based our study on the WISExSCOS photometric redshift
catalogue (Bilicki et al. 2016). This catalogue contains both
photometric redshift estimates and WISE magnitudes. Based on
1 https://www.cfht.hawaii.edu/Science/CFHTLS/
these properties, we have estimate SFR and M? following Bon-
jean et al. (2019), for 15,765,535 sources in the redshift range
0.1 < z < 0.3. The range of SFR and of M? of the WISExSCOS
value-added catalogue is shown in the left panel of Fig. 1.
2.1.2. Distance to the main sequence estimation
Similarly to estimating the star-forming activity of galaxies by
computing specific SFR (which illustrates the efficiency of a
galaxy in forming stars), the distance to the main sequence on
an SFR-M? diagram informs us about the star formation activ-
ity. This quantity, noted d2ms, is estimated following Bonjean
et al. (2019), and can be a useful property to segregate popula-
tions of galaxies. We have thus splited the 15,765,535 sources of
the WISExSCOS catalogue in the range 0.1 < z < 0.3, into ac-
tive, transitioning, and passive galaxies using the d2ms criterion.
We have defined as active galaxies sources with d2ms < 0.4, as
transitioning galaxies sources with 0.4 < d2ms < 1.25, and as
passive galaxies sources with d2ms > 1.25. These cuts are de-
fined by the intersections of three Gaussians fitted on the distri-
bution of the d2ms on a sample of spectroscopic SDSS galaxies,
used to model the three populations of galaxies. After the split-
ting, the catalogue contains 7,249,961 active, 4,353,744 transi-
tioning, and 4,161,830 passive galaxies. The distributions of the
three populations of galaxies in redshifts are shown in the right
panel of Fig. 1.
2.1.3. Galaxy density maps
Based on the WISExSCOS value-added catalogue and on its
three sub-samples of galaxy types defined above, we have con-
structed 3D galaxy density maps, in the redshift range 0.1 < z <
0.3, using the positions of the sources and their redshift infor-
mation. To do so, we have reconstructed the density field with a
python implementation2 of the Delaunay Tesselation Field Esti-
mator (DTFE, Schaap & van de Weygaert 2000). Based on 3072
3D density fields in patches of 3.7◦ × 3.7◦, we have generated
four set of 20 set of HEALPIX full-sky maps (20 for the 20 bins
in redshift): one for all galaxies, and one for each of the three
populations of galaxies. We set nside = 2048 to the HEALPIX
maps so that the pixel resolution is 1.7’, and the binning in red-
shift was arbitrarily set to δz = 0.01. An example of a slice at
z = 0.15 of the 3D passive galaxy density map (smoothed at
30’ for visualisation) is shown in Fig. 2. The large scale distri-
bution of the galaxies is seen, together with contaminations, i.e.,
the stripes due to the WISE scanning strategy, the mask of our
galaxy and of the Magellanic cloud, and the reddening from dust
around our galaxy and the Magellanic cloud. High density con-
centrations are also seen, which are galaxy clusters. In addition
to the four galaxy density maps, we have constructed in the same
way 3D maps of SFR and M∗ for all galaxies, and for the active,
transitioning, and passive populations. The maps are constructed
by linearly interpolating at their 3D positions the estimated SFR
and M∗ quantities.
2.2. Catalogue of filaments
We have used the SDSS-Data Release 12 (DR12) LOWZC-
MASS spectroscopic sample of galaxies to construct a catalogue
of cosmic filaments using DisPerSE (Sousbie 2011). DisPerSE
is an algorithm that detects filaments in catalogues of discrete
points. The method is based on the density field, reconstructed
2 https://github.com/vicbonj/pydtfe
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Fig. 1. Left: range of SFR and of M? of the 15,765,535 sources in the WISExSCOS value-added catalogue in the range 0.1 < z < 0.3. Right:
distributions of the active, transitioning, and passive galaxies of the WISExSCOS value-added catalogue as a function of redshift.
Fig. 2. Mollweide projection of the slice at z = 0.15 of the 3D passive galaxy density map constructed with the pyDTFE code. The map is smoothed
at 30’ for visualisation. The large-scale distribution of the galaxies is seen, together with artefacts from the WISE scanning strategy, and the masks
of our galaxy and of the Magellanic cloud.
with the DTFE method. DisPerSE identifies in the density field
critical points, i.e., points of maximum density, saddle points,
bifurcation points, and points of minimum local density. It then
outputs a catalogue of filaments, as connecting the saddle points
to the maximum density points. Each filament is constituted by
several segments, with given positions and redshifts. The persis-
tence of the filaments, related to their significance, was set to
3 σ. The details of the construction of the catalogue are given
in Malavasi et al. (2019). We have defined the mean positions
of the filaments (R.A.mean,Dec.mean) being the mean of the posi-
tions (R.A.i,Dec.i) of the i segments. In the following, we have
defined the minimum, mean, and maximum redshifts of the fila-
ments, zmin, zmean, and zmax, as the minimum, the mean, and the
maximum redshifts of the segments composing the filaments.
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Since we study the properties of the WISExSCOS value-
added catalogue, we have thus excluded the filaments for which
parts went outside the redshift range of the WISExSCOS cat-
alogue, that is 0.1 < z < 0.3, to ensure that the filaments of
our selection are entirely studied. We have also cut the longest
filaments at l > 100 Mpc (where l is the 3D length of the fila-
ment in Mpc), that may be non reliable filaments. We have also
excluded the filaments for which profiles were not complete so
that each bin in profile has the same statistics. A final selection of
n = 5559 cosmic filaments is used in our analysis. Their length
and redshift distributions are shown in Fig. 3.
We have split the 5559 selected DisPerSE filaments over
three bins defined by their 3D length l (in Mpc), to later study the
effect of the environment on galaxy properties around the fila-
ments. In the following, we define “short”, “regular”, and “long”
filaments, as follows:
– 3 < l < 20 : nobj = 1042,
– 20 < l < 40 : nobj = 2291,
– 40 < l < 100 : nobj = 2226.
For the case of short filaments, we have set the upper limit
to 20 Mpc based on the information given by the 2-point corre-
lation functions of groups in the 2DF survey (Yang et al. 2005),
that infer that filaments below this typical size may be the tini-
est and densest filaments, i.e., bridges of matter connecting two
clusters, such as the bridge between A399 and A401 (Bonjean
et al. 2018). We have set the limit between the regular and the
long filaments arbitrarily to 40 Mpc to keep the same statistics
in the two categories (about 2250 filaments in each).
2.3. Galaxy cluster catalogues
We have masked the over-density maps at the position of known
clusters, preventing us from including galaxy cluster members
while we compute the galaxy over-density profiles around the
filaments. We use for the masking a combination of catalogues
of galaxy cluster detected in X-ray, optical, and via the SZ ef-
fect. We masked 1,478 clusters from the 2015 Planck PSZ2 clus-
ters catalogue (Planck Collaboration et al. 2016a), 1,601 clus-
ters from the MCXC ROSAT X-ray clusters catalogue (Piffaretti
et al. 2011), 15,846 clusters from the galaxy clusters detected in
optical in the Sloan Digital Sky Survey (SDSS, York et al. 2000)
from RedMapper (Rykoff et al. 2014), 2,395 from WHL 2015
(Wen & Han 2015), 75,045 from WHL 2012 (Wen et al. 2012),
and 33,428 from AMF9 (Banerjee et al. 2018). We masked only
galaxy clusters with z < 0.4 to ensure, in a conservative way, that
most of the galaxy clusters in the redshift range 0.1 < z < 0.3 of
the WISExSCOS catalogue are taken into account. In order to be
very conservative, we also have masked the catalogue of bifur-
cation points and of maximum density points with z < 0.4 pro-
vided by DisPerSE, as these points can be at positions of groups
or clusters of galaxies that may not be detected in the galaxy
cluster catalogues. We investigate the use of different masks in
Sect. 3.2, where different radii for masking clusters have been
used.
3. Measuring the profiles
3.1. Methodology
In order to measure the radial profiles of galaxy quantities
around filaments, we have used the RadFil code developed by
Zucker & Chen (2018). RadFil takes as input two maps: one of
the quantity of interest, here the maps of galaxy densities con-
structed in Sect. 2.1, and one tracing the spine of the filament
around which it will perform the measurement, here the maps
tracing the spines of the selected DisPerSE filaments. Different
steps were needed in order to obtain the radial profiles; they are
explained hereafter.
– Normalisation of the maps
The galaxies in the WISExSCOS value-added catalogue are
not uniformly distributed in redshift, and the three popula-
tion of galaxies do not follow the same distributions, as it is
shown in Fig. 1. Thus, the values of the mean galaxy den-
sities in each redshift slice of the galaxy density maps con-
structed in Chap. 2.1 also follow the same redshift distribu-
tion. Measuring the absolute value of the galaxy densities
may thus introduce bias. To avoid this, and to measure only
the excess of galaxies relative to the mean galaxy density in
the field, we have normalised the 3D density maps in order
to consider over-densities δ. We have divided each slice of
redshift of each 3D map by their mean galaxy density val-
ues:
1 + δgal(z) =
ρgal(z)
< ρgal(z) >
. (1)
In that way, the 3D maps are transformed from biased densi-
ties ρgal to unbiased over-densities 1 + δgal.
– Projection on patches
For each of the 5559 filaments, we have projected the 3D
maps of the obtained galaxy over-density 1 + δgal, on 3D
patches centred on the position of the corresponding fila-
ment using a tangential projection. The 3D patches have a
pixel resolution of θpix = 1.7 arcmin, a bin in redshift of 0.01
(same as the full-sky maps), and a number of pixels which
depends on the length of the filament (computed in arcmin
with the mean redshift zmean). Doing so, all filaments are en-
tirely seen in their corresponding individual patch and the
fields of view of the largest patch is 19◦ × 19◦. As 95% of
the patches have fields of view below 15◦ × 15◦, we have
neglected the projection effects and assumed the flat sky ap-
proximation.
– Stack along redshift
Due to the high value of the statistical error on the photomet-
ric redshifts of the sources in the WISExSCOS catalogue,
σz = 0.033, 3D density profiles around filaments would be
biased. Therefore, we have stacked the 3D patches (obtained
above) along the redshift axis to remove the uncertainty on
the positions of the galaxies in the redshift space. The result-
ing stacked maps are thus 2D arrays. Before stacking along
redshift, in order to minimise the noise due to background
and foreground galaxies, we have removed for each filament
the regions of the 3D patch that lie outside the redshift range
zmin − σz < z < zmax + σz, where zmin and zmax are the min-
imum and maximum redshifts of the filament. Mathemati-
cally, this step translates into:
< 1 + δgal >=
1
bz
zmax+σz∑
z=zmin−σz
(
1 + δgal(z)
)
, (2)
where bz is the number of redshift bins in the range [zmin−σz,
zmax + σz].
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Fig. 3. Selection of the SDSS-DR12 LOWZCMASS DisPerSE filaments used here. Left: 3D length distribution. The orange dotted line shows
the limit between the short and the regular filaments, and the green dotted line shows the limit between the regular and the long filaments. Right:
redshift distribution.
– Application of RadFil
We have fed RadFil with the 5559 2D stacked maps obtained
above, together with the 5559 associated 2D filament’s spine
projections, also in the format of 2D arrays. RadFil then mea-
sures the radial profiles < 1 + δgal > (r) around each of the
5559 filaments.
– Stack the profiles
Finally, we have stacked the 5559 profiles to get one unique
profile, exhibiting statistical trends thanks to the significant
reduction of the noise.
– Estimation of the error bars
To estimate the errorbars on the stacked profiles, we have
used the bootstrap method that resamples to ensure the sig-
nificance of the detection. For the n measured profiles (where
n is the number of filaments), we have randomly selected
n over n profiles with replacement, and have computed the
mean profile. We have repeated this measurement 1000 times
and have computed the mean and the standard deviation of
the 1000 mean profiles. The mean and standard deviations
are taken as final measurements and errors in this study.
3.2. Masking the galaxy cluster members
In order to measure galaxy over-density profiles along filaments
uncontaminated by the galaxy cluster members, we have re-
moved the regions around known galaxy clusters, by masking
the maps at the position of the clusters presented in Sect. 2.3.
To mask the clusters in an optimal way, we have defined six
masks: the first one where the galaxy clusters are not masked,
and the five others where the clusters were masked in regions
from 1 × R500 to 5 × R500. The results are shown in Fig. A.1.
The galaxy over-density profiles decrease with increasing radius
of the mask, up to r = 3 × R500. Beyond this radius, the profiles
are unchanged but the error-bars increase. We have thus chosen
to mask the clusters at r = 3 × R500. For clusters without es-
timated R500 (only a handful from the Planck catalogue in the
SDSS area), we have masked a region with radii increasing up
to r = 10 arcmin. We show in Fig. A.2 that masking at r = 5
arcmin is enough, as no difference in the profiles is noticed. We
have also masked regions around the critical points provided by
DisPerSE, namely the maxima density points, and the bifurca-
tion points, with z < 0.4. For these regions, we have masked
regions with areas defined by radii varying up to r = 20 arcmin
(see Fig. A.3). For the critical points, the profiles are decreas-
ing with the increasing radii up to 20 arcmin. Part of the reason
for the decrease of the profiles is due to the loss of the shortest
filaments in the selection (i.e., a change in the length distribu-
tion seen in the left panels). We have chosen to mask the critical
points from DisPerSE at r = 10 arcmin, as it is a good com-
promise to keep the shortest filaments of about l < 7 Mpc in
the selection of filaments while removing contamination from
galaxies in small groups.
Finally, we have also masked the area outside the footprint of
the SDSS-DR12 area. The union mask is shown in orthographic
projection in Fig. 4 (only the northern hemisphere is shown, as
none of the selected filaments are in the southern hemisphere).
3.3. Robustness of the measurement
To ensure the robustness of the measurements and compute their
significance, we have performed null-tests. By applying the ex-
act same methodology as the one detailed above, we have com-
puted profiles in patches with the same properties as the ones of
the 5559 DisPerSE filaments (number of pixels θpix and redshift
range zmin−σz < z < zmax +σz), but centred on random positions
on the sky, and with random rotations. For computational time
reasons, we have computed only 100 random position stacked
profiles. The null-test was found compatible with zero at 1 σ,
with an offset of the order of 1%. However, this offset is negligi-
ble and does not change the interpretation of the observed galaxy
over-density profiles around filaments, which were all detected
with high significances, ranging between ∼ 5 σ and 32 σ. Af-
ter testing for the effects of the DTFE, the interpolation on the
HEALPIX pixels, and the redshift bins, we found that the offset
is due to a combination of the mask and the spatial distribution
of galaxies. Indeed, we verified that when we reshuffled the pix-
els in the footprint, the null-test converged to the expected mean
value of the map.
Although the profiles are very significantly detected, there
are some effects that may produce biases and trends that may not
be explicitly related to galaxies around filaments. We discuss the
possible sources of contamination hereafter.
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Fig. 4. Orthographic projection of the union mask of the northern hemi-
sphere used in this analysis.
One of the main issues is the error on the photometric red-
shifts of the sources in the WISExSCOS catalogue, σz = 0.033.
This error may induce a bias during the construction of the 3D
density maps presented in Chap. 2.1 and make them not reli-
able in the redshift direction. To mitigate this effect, we have
computed the profiles in 2D projected maps stacked in the range
[zmin − σz, zmax + σz], where zmin and zmax are the minimum and
maximum redshifts of the filaments.
Another possible source of bias may be the 3D to 2D projec-
tion of the over-densities. RadFil computes profiles on 2D while
the filaments are defined as 3D structures. This may induce a
bias in the shape of the profiles, especially when the axis of the
filaments are not orthogonal to the line of sight. A comparison
with numerical simulation should be done.
Another issue is the reliability of the filaments detected with
DisPerSE. Indeed, although the LOWZCMASS sample was cho-
sen to minimise these effects, the SDSS galaxies used for the
detection may still suffer from holes in the spatial distribution
due to foreground bright stars, biased distribution in redshift due
to magnitude limit selection, etc. The filament’s positions and
redshifts may also be affected by the noise of the survey, and
by the finger-of-god effect of the galaxies in clusters (e.g., Jack-
son 1972), producing shifts of the galaxies in redshift space. The
strategy adopted in this study to estimate over-density profiles of
galaxies on a catalogue of galaxies (WISExSCOS) independent
of the one used to detect the filaments (SDSS) should reduce
these biases, since the noises and the biases of the two galaxy
catalogues are independent.
4. Properties around cosmic filaments
4.1. Average properties
The stacked profile < 1 + δgal > of the 5559 filaments selected
from the DisPerSE catalogue is shown in blue in Fig. 5. The red
lines and errors show the results of 100 null-tests measurements
on random positions and rotations. The binning in distance to
the filament of the profiles is from r = 0.25 to r = 50 Mpc. Note
that due to the pixel resolution of the galaxy density maps θpix,
no information with a distance r < 0.25 Mpc is available. Pro-
files presented in this study thus show the behaviour of galaxies
at large distances from the filament’s spines. We have modelled
the galaxy over-density profile by an exponential law (show in
orange in Fig. 5), that takes the form:
δgal(r) = δgal0 × e−
r
rm + cgal, (3)
where δgal0 is the mean projected over-density in the spines,
rm the typical radius, and cgal is the offset discussed in Sect. 3.3
that is related to the interplay of the mask shape and the un-
derlying galaxy distribution which depends on the size of the
filaments (shown later in Fig. 5).
The fit of the model to the data with a least square minimisa-
tion gives δgal0 = 0.121 ± 0.002, rm = 7.5 ± 0.2 Mpc, and a very
small offset cgal = 0.0093 ± 0.0004.
Fig. 5. In blue, the stacked radial profile of over-density < 1 + δgal > of
the galaxies from WISExSCOS catalogue around the 5559 filaments. In
orange, the best fitted exponential model presented in Eq. 3. In red, the
100 measurements on random positions from the null tests.
Although some studies have found that dark matter halo den-
sity profiles around filaments follow a power law with index be-
tween -2 and -3 beyond 3 Mpc (Colberg et al. 2005; Dolag et al.
2006; Aragón-Calvo et al. 2010), density profiles of galaxies
around filaments have not been studied much. Gheller & Vazza
(2019) have fitted a power law with index -1.84 to galaxy sized
halo density profiles around filaments, but as shown in Cautun
et al. (2014), filaments are very different in terms of width (with
width from 2 Mpc to 10 Mpc for the largest ones), making the
average density profiles of galaxies very dependent on the se-
lection of filaments. In addition, the profiles presented here may
also contain the correlations between the filaments, that is the
probability to cross another filament up to a certain radius, and
the probability to cross the same filament another time at another
radius if the filament is curved. These effects would results in an
enlargement of the profile. Hence, the value of the fitted typical
radius rm = 7.5 ± 0.2 Mpc might be slightly over-estimated.
To study the effect of the global environment, we have av-
eraged the galaxy over-density profiles in the three categories
of filaments: the short, the regular, and the long filaments. The
resulting profiles are shown in the left panel of Fig. 6. A small
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offset is seen for the regular filaments (cgal = 0.013) and for the
short filaments (cgal = 0.018). However, all three average pro-
files share the same shape. This trend is confirmed by the com-
putation of the residuals of the three profiles with the exponen-
tial model (Eq. 3), with the parameters from the average profile
(δgal0 = 0.121 ± 0.002 and rm = 7.5 ± 0.2 Mpc). The resid-
uals are shown in the right panel of Fig. 6. They do not show
significant bias outside the error bars, suggesting that the galax-
ies around the small, regular, and long filaments, are sharing the
same shapes, or that the errors are too large to see a significant
difference.
We have also computed the stacked profiles of excess of SFR
and excess of M∗, defined as < 1 + δSFR> and < 1 + δM? > in the
same way as for < 1 + δgal >. The resulting stacked profiles for
the short, the regular, and the long filaments are shown in Fig. 7.
Gradients of SFR and M? pointing towards the spines of the fil-
aments are detected with a significance of 6.5 σ and 9.5 σ, re-
spectively. Galaxies are significantly ∼ 10% more massive, and
∼ 10% less star-forming. This trend is expected since the excess
of passive galaxies near the filaments spines was already shown
in several studies (e.g., Malavasi et al. 2017; Laigle et al. 2018;
Kraljic et al. 2018; Sarron et al. 2019). This implies a different
ratio of passive over active galaxies with increasing distance to
the filaments’ spine, producing these gradients. The M? gradient
is 60% higher in the case of short filaments. This trend is also ex-
pected, as short filaments may represent bridges of matter, i.e.,
more mature structures lying in the densest environments of the
Cosmic Web (e.g., Aragón-Calvo et al. 2010) or event resulting
from cluster interactions. These environments are already show-
ing evidence of hot diffuse gas potentially inducing quenching
of galaxies. For example in the bridge of matter between A399
and A401, most of the galaxies between the two clusters were
found to be passive (Bonjean et al. 2018). Therefore, it is hard to
identify the origin of the observed gradients at this stage. They
may reflect a change in the galaxy populations, or, a real stellar
mass gradient of all types of galaxies around filaments.
4.2. Spliting over galaxy types
To explore further the impact of the environment on galaxy prop-
erties, we have computed the stacked radial profiles on galax-
ies, by splitting them in three populations, i.e., active, transition-
ing, and passive. We have used the 3D maps of galaxy densities
constructed for the three types. The resulting stacked profiles
< 1 + δgal > around the short, regular, and long filaments are
shown in Fig. 8.
The profiles of galaxy over-density are decreasing with the
galaxy types: the excess of passive galaxies around the spines
of the filaments is higher than the excess of transitioning galax-
ies, and the excess of transitioning galaxies is higher than the
active galaxies. These results show that whatever the length of
the filaments, more passive galaxies are distributed towards the
spines of the filament. This indicates a quenching process inside
the cosmic filaments, as already shown in, e.g., Martínez et al.
(2016); Malavasi et al. (2017); Kraljic et al. (2018); Laigle et al.
(2018); Sarron et al. (2019). Another interesting trend to notice
is the excess of passive galaxies that is higher around the short
filaments than around regular and long ones. This confirms the
trend that short filaments may be bridges of matter. However,
no difference is seen between the regular and long filaments.
These results show that from a length of 20 Mpc, cosmic fila-
ments share on average the same properties and the same galaxy
population distributions whatever their length.
We have also computed the excess of M? and SFR for the
three galaxy types. The resulting stacked profiles are shown in
Fig. 9. In the left panel, M? gradient is seen for each types of
galaxies: the active, the transitioning, and the passive ones, de-
tected at 2.2 σ, 4.3 σ, and 5.3 σ, respectively. These results
show that the galaxies are ∼ 5% more massive in the spine of
the filaments, whatever the types. An M? gradient towards the
spines of the filaments in active galaxies was also detected in
Malavasi et al. (2017) and in Kraljic et al. (2018). This may be
due to mergers of galaxies inside filaments (e.g., Codis et al.
2015; Malavasi et al. 2017). In the right panel of Fig. 9, a posi-
tive SFR gradient is detected at 6.3 σ, only for passive galaxies.
This suggests that passive galaxies are more star-forming inside
the filaments. This trend could be due to the rejuvenation of the
star formation in passive galaxies, due to gas accreted by galaxy
mergers.
5. A profile derived by the quenching
5.1. Quiescent fraction
Motivated by the results of Sect. 4.2, that indicate that galaxy
populations are differently distributed towards the spines of the
filaments, we have computed the fraction of quenched galaxies,
that is similar to the quiescent fraction fQ (e.g., Fontana et al.
2009; Hahn et al. 2015; Martis et al. 2016; Lian et al. 2016) but
with galaxy over-densities rather than galaxy densities. Here the
quiescent fraction is defined as the ratio between the excess of
passive galaxies < 1+δgalP > and the sum of the excess of passive
< 1 + δgalP > and active < 1 + δgalA > galaxies:
fQ =
< 1 + δgalP >
< 1 + δgalA > + < 1 + δgalP >
. (4)
Since the transitioning galaxies are in the process of quench-
ing and can be defined both as star forming, or quenched, we
did not take them into account. The quiescent fraction fQ around
cosmic filaments is shown in Fig. 10.
5.2. A link to the gas content?
It is still not clear to date what are the dominant drivers of the
quenching process in the galaxies. It has been already shown,
and confirmed in the present study, that the Cosmic Web fila-
ments have an impact on galaxy properties (e.g., Malavasi et al.
2017; Laigle et al. 2018; Kraljic et al. 2018; Sarron et al. 2019).
Some studies have assumed the quenching being only due to the
environment and to the Cosmic Web, via the hot gas in the halos
(T ≥ 105.4 K) preventing the galaxies from forming stars (Gabor
& Davé 2015) or by Cosmic Web Detachment (Aragon-Calvo
et al. 2016). Peng et al. (2015) and Trussler et al. (2018) have
studied the effect of the gas of the Cosmic Web on the quenching
of the galaxies, and have concluded that starvation and strangu-
lation were the main processes of quenching. In each of these
studies, the quenching is thus related to the temperature or the
density of the gas, i.e., to the gas pressure around the Cosmic
Web.
In Tanimura et al. (2019a), we have studied the hot gas via
the SZ emission around cosmic filaments detected with Dis-
PerSE on SDSS galaxies in the range 0.2 < z < 0.6. The tem-
perature of the gas around the filaments has been estimated to be
T ∼ 106 K (larger than the temperature of quenching of the halos
found in Gabor & Davé (2015): T ≥ 105.4 K).
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Fig. 6. Left: radial profiles of galaxy over-densities < 1 + δgal > around cosmic filaments, for short, regular, and long filaments. Right: residuals
after substracting the exponential model fitted to the average over-density profile, shown in orange in Fig. 5, and the tiny offsets.
Fig. 7. Radial stacked profiles of excess of M∗ and SFR: < 1 + δSFR> and < 1 + δM? >, for the short, the regular, and the long filaments.
Fig. 8. Stacked radial over-density profiles of active (in blue), transitioning (in green), and passive (in red) galaxies, as defined with the distance to
the main sequence (detailed in Chap. 2.1.1), around the short, the regular, and the long cosmic filaments from left to right.
The quiescent fraction profile measured in the previous sec-
tion and shown in Fig. 10 might depend mostly on the processes
of quenching, that drives the population changeover. We have
modelled in a simple way the fQ profile with a model of gas
density distribution around the cosmic filaments. We have used
a β-model (historically used to model the gas density profiles in
galaxy clusters (Cavaliere & Fusco-Femiano 1978)). It writes as:
fQ(r) =
fQ0(
1 +
(
r
rs
)2) 32 β + c, (5)
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Fig. 9. Left: < 1 + δM? > stacked radial profiles for each galaxy types: active galaxies in blue, transitioning galaxies in green, and passive galaxies
in red. Right: < 1 + δSFR> stacked radial profiles for the same galaxy types.
Fig. 10. In blue, the quiescent fraction profile fQ, averaged around the
5559 selected filaments. In orange, the β-model (Eq. 5) from different
realisations of the MCMC.
where fQ0 is the mean ratio of excess of passive galaxies over
the sum of the excess of active and passive galaxies in the center
of the filaments, rs is the core radius, β the slope of the profile,
and c is the background value.
We have performed an MCMC analysis and obtained the
posterior distributions of the four parameters of Eq. 5. The dis-
tributions and the correlations are shown in Fig. 11. In Fig. 10
is also displayed in orange 1000 models randomly picked from
the MCMC distribution. The median parameters are: fQ0 =
0.017 ± 0.003, rs = 4.4 ± 1.7 Mpc, β = 0.54 ± 0.18, and the
background value c = 0.498 ± 0.001. Assuming the quiescent
fraction of galaxies traces the pressure of the gas responsible of
the quenching, the values of the slope β of the gas profile and
of the quiescent fraction profile should be the same. The slope
β is not well constrained as seen in the distribution in Fig. 11:
it is fully degenerate with the parameter rs. However, β = 2/3
which is the case for projected iso-thermal gas in hydrostatic
equilibrium (scenario supported by numerical simulation, e.g.,
in Gheller & Vazza (2019)), is encompassed in the values al-
lowed by the MCMC. Moreover, the value β = 2/3 that fits the
gas profile in SZ in Tanimura et al. (2019a) is also encompassed
in the allowed values by the MCMC.
Fig. 11. Posterior distributions of the four parameters of the β-model
(Eq. 5), fitted to the quiescent fraction profile shown in Fig. 10.
6. Discussion and Summary
We have studied in detail the statistical properties of the galax-
ies from the WISExSCOS value-added catalogue around cosmic
filaments detected with DisPerSE in the SDSS. We have mea-
sured with a high significance (& 5σ) galaxy over-density radial
profiles on the full sample of galaxies, and also on the three pop-
ulations: active, transitioning, and passive galaxies.
Despite some biases on the measurement due to the method-
ology or to the data themselves, we have fitted an average profile
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of galaxy over-density around cosmic filaments with an expo-
nential law. We have obtained a typical radius of rm = 7.5 ± 0.2
Mpc. We have also pointed out the evidence of a higher excess of
passive galaxies than transitioning galaxies, and a higher excess
of transitioning galaxies than active galaxies near the filament’s
spines. This excess of passive galaxies induces an SFR and an
M∗ gradient pointing towards the filament’s spines, that we have
also detected. This indicates that there are more passive galaxies
near the filament’s spines, in agreement with the previous stud-
ies (e.g., Malavasi et al. 2017; Kraljic et al. 2018; Laigle et al.
2018; Sarron et al. 2019).
We have also studied the excess of M∗ and of SFR for the
three galaxy populations, and have pointed out the evidence of a
positive M∗ gradient for the active, the transitioning, and the pas-
sive populations of galaxies. This means that galaxies are more
massive in the filaments, whatever their types, in agreement with
Kraljic et al. (2018) and Malavasi et al. (2017) who observed a
stellar mass gradient for star forming galaxies. We have also de-
tected a positive SFR gradient for passive galaxies, showing that
passive galaxies are more star-forming in the filaments. These
gradients could be related to galaxy merges inside filaments, that
increase the M∗ of the galaxies and may rejuvenate the SFR in
passive galaxies.
We have investigated how the quiescent fraction of galaxies,
fQ, behaves around cosmic filaments. Following previous studies
showing the role of the Cosmic Web and of the gas in the quench-
ing of star formation, and following the recent detection of the
diffuse hot gas around cosmic filaments in SZ with T ∼ 106 K,
we have modelled in an exploratory way the fQ profile with a
model of gas density distribution. We have measured parameters
with an MCMC analysis. The obtained slope β = 0.54 ± 0.18 is
not well constrained. However, the MCMC distribution encom-
passes the value β = 2/3 that is the case for projected iso-thermal
gas in hydrostatic equilibirum, that is suggested for example by
Gheller & Vazza (2019). The MCMC distribution of β also en-
compasses the values of β fitted on gas profile with SZ. The slope
of the quiescent fraction profile is not inconsistent with the slope
of a gas profile around cosmic filaments. Therefore, in this ex-
ploratory work, it is not excluded that the gas around cosmic
filaments might have a non-negligible role in the quenching of
star formation in galaxies.
To capture and understand the connections between the Cos-
mic Web environment and the galaxy properties, the profiles de-
rived and shown in this study will be compared with numeri-
cal simulations in Illustris-TNG (Galárraga et al., in prep.) and
with observations of the gas around cosmic filaments (with the
SZ effect in Planck, or in the X-rays with the future e-Rosita3
mission). In the context of future very large galaxy surveys like
Euclid4, LSST5, or WFIRST6, such studies on galaxy properties
will be possible for a broader range of redshift, for a wider field
of view, and thus with a higher significance.
3 https://www.mpe.mpg.de/eROSITA
4 https://www.euclid-ec.org
5 https://www.lsst.org
6 https://www.nasa.gov/wfirst
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Appendix A: Masking the galaxy cluster’s members
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Fig. A.1. Comparison of the effect of different masks. Galaxy clusters with z < 0.4 from the PSZ2, MCXC, RedMaPPer, AMF9, WHL12 and
WHL15 catalogues are masked with areas of radii from 0 to 5 × R500. The left and the right columns show the histogram of filament’s lengths
and the over-density profiles < 1 + δgal > respectively, for the short, regular, and long filaments (from top to bottom). We have chosen the mask at
3 × R500.
Article number, page 12 of 14
V. Bonjean et al.: Filament profiles from WISExSCOS galaxies as probes of the impact of environmental effects
Fig. A.2. Comparison of the effect of different masks. For the galaxy clusters without estimated radius in the Planck PSZ2 catalogue with z < 0.4,
regions defined by areas of 0, 5, and 10 arcmin radii are masked. No difference is noticed and all plots are overlapping. To clearly see the different
profiles, we have added +0.1 and +0.2 to the y axis for the orange line and the green line, respectively. We have therefore chosen to mask at 5
arcmin.
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Fig. A.3. Comparison of the effect of different masks. Two type of critical points given by DisPerSE are masked: the maxima density points and
the bifurcation points. The regions around the critical points with z < 0.4 are masked from 0 to 20 arcmin. Right panel, the signal is decreasing
with the size of the masks for short and regular filaments. Left panel, the masks remove the short filaments.
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